The synthesis and characterization of two new tetronic acid zinc (II) complexes of the empirical formulae [
Introduction
Tetronic acid derivatives, tetrahydrofurane-2,4-diones (Scheme 1), represent an important class of oxygen 5-membered heterocyclic compounds containing the β-diketonate moiety [1] . A classical example of this type of structure is the molecule of ascorbic acid (vitamin C). These compounds are structural motifs in many natural products [2] exhibiting a wide range of biological activities including antibiotic, antiviral, antineoplastic, and anticoagulant activity [3] . Recently, 3-carboxamide tetronic acids were investigated as inhibitors of undecaprenyl pyrophosphate synthase (UPPS) for use as antimicrobial agents [4] while compounds which have been isolated from natural products and exhibit such activity are tetronasin [5] , RK-682 (3-alkanoyl-5-hydroxymethyl tetronic acid) [6, 7] , and the well-known family of compounds named vulpinic acids [8, 9] . In addition, several nonnatural 3-functionalized tetronic acids have been reported as antioxidant and anti-inflammatory compounds [6] .
The interesting biological and structural diversity of these compounds has raised the attention of chemists and biologists by reason of their challenging structural complexity and their high affinity to various sorts of "biological effectors" ranging from simple "metal cations" to complex enzymes [10] .
Tetronates, containing the β-diketo acid pharmacophoric motif, could be involved as model ligands for binding with divalent metal ions, which are critical cofactors at the enzyme catalytic site [11] .
The coordination chemistry of zinc (II) β-diketonates has been extensively explored as a model compound for the understanding of the chemistry of zinc (II) complexes, where a metal-oxygen bond is formed. The most important and best role of zinc is as a structural cofactor in metalloproteins. Even more, the metal β-diketonates including zinc (II) complexes are a promising class of compounds as inhibitors of HIV-1 and of integrase (IN), since the active site of the enzyme interacts with the metal diketonates [12] . It is well known that zinc (II) activates essential enzymes such as carboxypeptidase or alcohol dehydrogenase providing a complex with the active site. Also, the zinc ion is an important structural component in proteins in nucleic acid binding ("zinc-fingers" transcription factors) [13, 14] . Meanwhile, zinc (II) ions are directly associated with the regulation of gene expression through metalloregulatory proteins. In addition, zinc (II) ions are also present in most DNA and RNA polymerases [15] . Moreover, the metalloneurochemistry of zinc (II) is of substantial current interest; zinc and d-block metals are emerging as significant players in neurophysiology, aging, and neuropathology [16] . Zinc is the second most abundant d-block metal ion in the human brain, and its distribution varies with relatively high concentrations found in the hippocampus [17] . It is interesting to point out that the tetracoordinated zinc (II) complexes are a promising class of versatile synthons to supramolecular architectures, since the driving force to aggregation occurs through the metal center [18] , hydrogen bonds, and π-stacking [19, 20] . Recent development on the design and synthesis of zinc (II) fluorescent probes including chemosensors with fluorogenic agents and biosensors has been done and referred [15] . In the course of our research program on transition metal complexes with heterocyclic scaffolds containing the β-diketo functionality [21] [22] [23] , we reported in a recent work the coordination model of tetronic acids with Cu (II) and Co (II) ions [10, 24] .
In the present paper, we report a detailed investigation of
, involving the β-diketo-tetronic acids as "model ligands". The structure and "supramolecular" arrangements of the isolated complexes have been investigated by single crystal X-ray crystallography.
The "ligand molecules" have a proton adjacent to the carbonyl group and consequently can exhibit enol-enol tautomerism as shown in Scheme 1.
Experimental

Materials and Instruments.
All reagents were purchased from Aldrich, Fluka, and Acros and were used without further purification. Dry THF was distilled from Na/Ph 2 CO. Melting points were determined on a Gallenkamp MFB-595 melting point apparatus and are uncorrected. IR spectra were recorded on a Jasco 4200 FTIR spectrometer. NMR spectra were recorded on a Varian Gemini-2000 300 MHz spectrometer operating at 300 MHz ( 1 H) and 75 MHz ( 13 C). Chemical shifts are reported in ppm relative to DMSO-d 6 ( 1 H: δ = 2.50, 13 C: δ = 77.16). J values are given in Hz. The X-ray crystals were obtained from a solution of methanol diffused with diethyl ether. Data were collected at 150(2) K on a beamline 9.8 of the Synchrotron Radiation Source, Daresbury using a very thin plate but the mosaicity was still high. The structure was solved by direct methods and refined on F 2 using all the reflections. All the nonhydrogen atoms were refined using anisotropic atomic displacement parameters and hydrogen atoms were inserted at calculated positions using a riding model. 
Compound Preparation
X-Ray Crystallography.
Parameters for data collection and refinement are summarized in Table 1 .
Results and Discussion
Synthetic Comments, NMR and IR Spectra.
The tetronic acid ligand precursor containing the 5-phenyl group (Scheme 1) was synthesized according to a new methodology presented by our group [25] [26] [27] . The methodology which was chosen to be followed has the advantages of small reaction times and isolation of products in good yields and satisfactory purity. Moreover, it is stereoselective; therefore, it could be followed in case of other chiral tetronic acids. This strategy is very helpful in situations where chiral molecules are to be used as ligands in coordination chemistry. The reaction of 3-methoxycarbonyl-5-phenyl tetronic acid with zinc (II) acetate gave the bis ligand Zn (II) complexes. The new complexes were characterized by NMR and IR Spectroscopy, elemental analysis, and X-ray crystallography. The 2.154 (7) Zn (2) 
Description of the Structures.
The molecular structures of complexes Zn1 and Zn2 are shown in Figures 1 and 2 , whereas selected bond lengths and angles as well the hydrogen bond lengths are listed in Tables 2 and 3 consequently. The structure was solved in space group C2 and refined as a racemic twin (BASF 0.17) with two similar molecules in the asymmetric unit. The zinc ions are six-coordinate, each coordinated to two monodeprotonated, bidentate ligands which bind through alkoxide and carbonyl groups and are cis to one another. The coordination sphere about Zn1 is completed by two coordinated water molecules. In the second molecule (containing Zn2), one of the axial sites is disordered and has been modeled as 50 : 50 disorder between methanol and water (with the oxygen atoms on the same site), with a further uncoordinated water molecule hydrogen bonded to the partial occupancy water ligand (Figure 1) .
According to the data provided by X-ray Crystallography Analysis, the complex comprises of three different subcomplexes: (a) the Zn(L-H) 2 25 .
Hydrogen bonding between the coordinated water (or methanol) molecules and the uncoordinated carbonyl groups of neighboring molecules link the complexes into one-dimensional chains. Each molecule gives rise to an independent chain, those comprising symmetry equivalents of Zn2 run parallel to the b axis, while those composed of symmetry equivalents of Zn1 lie along the ab diagonal (Figures 2 and 3) .
Conclusions
The use of 3-methoxycarbonyl-5-phenyl tetronic acid in reaction with Zn(OCOCH 3 ) 2 · 2H 2 O has yielded two mononuclear [Zn(L-H) 2 (2), complex compounds. The crystal structure of the complexes shows the existence of two independent molecules in the asymmetric unit in the crystal moiety. The complexation is achieved through the oxygens of the alkoxide groups and the carbonyl functionalities. Hydrogen bonding between water or methanol molecules of the unit gives rise to two one-dimensional independent chains. These models are promising systems for the development of new supramolecular architectures. Design and results on the synthesis of zinc (II) fluorescent probes with chemosensors heterocyclic molecules containing the β-diketo functionality will be reported in due course.
